Diarrheal illness is a major cause of morbidity and mortality throughout the world, yet the etiologic agent of many cases of gastrointestinal illness remains unspecified, often due to the lack of convenient, timely, and sensitive diagnostic testing. Although bulk fecal specimens remain the recommended specimen type for enteric culture, rectal swabs may be an option preferred by clinicians and patients due to the convenience and timing of collection. However, the lack of data evaluating the sensitivity of rectal swabs compared to fecal specimens for detection of enteric pathogens precludes this specimen type from being recommended by national guidelines. In this study, we retrospectively reviewed 480 paired rectal swab and fecal specimens submitted for enteric culture to the Barnes-Jewish Hospital and St. Louis Children's Hospital microbiology laboratories in St. Louis, MO, from 2002 to 2017. We report 32% positivity of paired specimens with an overall agreement of 93% and Cohen's of 0.84 (95% confidence interval, 0.78 to 0.89). Additionally, we evaluated the time to result from the time of patient presentation to the health care setting and demonstrate that rectal swabs have a significantly shorter time to an actionable result than bulk fecal specimens (median, 67.4 h versus 78.4 h, respectively; P Ͻ 0.001). These findings indicate that rectal swabs facilitate on-demand culturebased testing with a sensitivity comparable to that of fecal specimens and thus should be recommended for enteric bacterial culture when bulk fecal specimens are unavailable.
clinical microbiology laboratories reject swab specimens submitted for enteric culture, while other laboratories limit the use of rectal swabs to enteric culture in pediatric settings and/or when timely specimen submission is required (7) . However, prompt initiation of diagnostic testing can be a challenge when a fresh bulk fecal specimen is not readily available. Difficulty in specimen collection likely contributes to reduced specimen submission in the setting of diarrhea, and transfer of the specimen into a sterile cup can also pose a substantial biohazard risk. Physicians have noted rectal swabs to be a preferable specimen type and suggest that the ability to routinely submit rectal swab specimens rather than bulk fecal specimens could potentially increase the rate of specimen submission (8) . Further, the relative ease of collection and transport has also made rectal swabs a preferable specimen for outbreak investigations in the public health setting (9, 10) . Recent developments in the design of the swabs have also made them more favorable for routine use. For example, flocked swabs and the widespread use of transport media have led to substantial improvements in culture recovery compared to that of traditional swab specimens (11, 12) . There remains, however, a paucity of data evaluating the yield of rectal swab and fecal specimens for enteric culture.
Herein, our objective was to evaluate the yield of rectal swabs in comparison to that of bulk fecal specimens for enteric bacterial culture at an academic tertiary care medical center serving both adult and pediatric patients. The concordance and time to result for the two specimen types were evaluated.
MATERIALS AND METHODS
Study design. We retrospectively reviewed the results for fecal and rectal swab specimens submitted for enteric bacterial cultures from Barnes-Jewish Hospital (BJH) and St. Louis Children's Hospital (SLCH) in St. Louis, MO. The laboratory information system (Cerner Millennium) was queried for enteric bacterial cultures for specimens submitted to the BJH and SLCH microbiology laboratories between January 2002 and November 2017. Patient location, encounter time, specimen type, specimen collection time, specimen laboratory receipt time, culture start time, and all preliminary and final culture results and times were captured. Nonpatient specimen cultures (proficiency specimens, test specimens, etc.), cultures of specimens other than feces or rectal swabs, and canceled cultures were removed from subsequent analyses. For paired specimen analysis, custom Python scripts were used to parse text data files and identify patients with rectal swab and bulk fecal specimens submitted for enteric bacterial culture within 72 h of each other.
Human studies approval. This study was approved by the Human Research Protection Office of the Washington University in St. Louis School of Medicine Institutional Review Board (IRB; identification number 201712035).
Laboratory methods. Rectal swabs and bulk fecal specimens (fresh or preserved in Cary-Blair transport medium) are routinely accepted for enteric bacterial culture. Samples were plated as soon as possible upon arrival in the laboratory on all shifts 7 days per week. Although the specific swab type and culture conditions did have modifications throughout the 15-year study period, rectal swab and bulk fecal specimens were evaluated using identical culture conditions throughout the study. From 2002 to 2011, rectal swab and fecal specimens from pediatric patients were cultured as previously described (13) . From 2016 to the end of the study period, enteric cultures from adult and pediatric patients were routinely evaluated for Campylobacter, Escherichia coli O157, Salmonella, Shigella, Edwardsiella, Aeromonas, Plesiomonas, Yersinia, and Shiga-like toxin using blood agar, Hektoen enteric agar, MacConkeysorbitol (SMAC) agar, Campylobacter blood agar, Yersinia selective agar, Gram-negative (GN) broth, and Shiga toxin immunoassay according to standard laboratory procedures. Throughout the entire study period, all isolates presumptively identified as E. coli O157 or aliquots of Shiga toxin-positive GN broths (if immunoassay results were positive and SMAC agar culture results were negative) were forwarded to the Missouri State Public Health Laboratory (Jefferson City, MO) for confirmation by PCR and serotyping.
Statistical analysis. The chi-square test was used to compare the proportion of organisms identified in paired specimens. Cohen's statistic and 95% confidence intervals (CI) were calculated to assess the concordance of paired specimens. Mood's median test was used to compare the median age and the time to result between groups. All statistical analyses were performed with R (v. 
RESULTS
Summary of cohort. In total, 14,008 enteric bacterial cultures were performed for patients seen at BJH and SLCH between January 2002 and November 2017. The median (range) age of the patients and the percent positivity of each specimen type are summarized in Table 1 . Overall, the median age of the patients was 31 years (range, 0.9 to Ͼ90 years) and 7.5% (1,055/14,008) of cultures were positive. Among all enteric cultures performed during the period of review, 94% were cultures of bulk fecal specimens, while only 6% of enteric bacterial cultures were cultures of rectal swabs. The median age of the patients who submitted rectal swab specimens was significantly lower than that of patients who submitted fecal specimens (15 versus 35 years, P Ͻ 0.001). During the study period, rectal swabs represented 15% of specimens submitted for enteric culture for pediatric patients but only 2.3% of specimens for adult patients, demonstrating that, in our experience, this specimen type is more commonly used for children. Notably, rectal swab specimens also had a higher positivity rate than bulk fecal specimens (13% versus 7.2%, P Ͻ 0.001).
Analysis of paired specimens. To assess the concordance between bulk fecal and rectal swab specimens, we identified patients with both specimen types submitted within 3 days of each other. During the 15-year review period, 480 individuals with 960 paired specimens were identified. Patients within the paired specimen cohort had a median age of 8 years (range, 0.5 to 55 years) and were primarily seen at SLCH ( Table  2 ). For the patients in the paired specimen cohort, rectal swab specimens were submitted first in 430/480 instances (89.6%) and submission of rectal swab specimens preceded submission of bulk fecal specimens by a median of 9 h (interquartile range [IQR], 4 to 17 h), whereas submission of bulk specimens preceded submission of a swab by a median of 13 h (IQR, 3 to 32 h) in 22/480 (4.6%) instances.
The majority of cultures of both bulk fecal specimens (65%, 323/480) and rectal swabs (69%, 332/480) were negative for enteric bacterial pathogens. Culture results for positive paired specimens are summarized in Table 3 . In positive enteric cultures, Shigella spp., Salmonella spp., Shiga toxin-producing E. coli, and Campylobacter spp. were the pathogens most commonly recovered from both bulk fecal specimens and rectal swabs, with comparable proportions of pathogens being detected between specimen types (chi-square test, P ϭ 0.89). Culture results agreed for 447/480 paired cultures, demonstrating an overall percent agreement of 93.1% (Table 3 ). Of the 33 discordant pairs, an alternate pathogen was never identified; rather, cultures were positive for a pathogen in one specimen type and a pathogen was not detected in the other. More cultures were positive by bulk fecal specimen culture only than rectal swab only (21 versus 12) . Negative percent agreement (NPA) and positive percent agreement (PPA) were 96.3% and 86.6%, respectively. As a measure of agreement, Cohen's statistic was calculated. was determined to be 0.84 (95% CI, 0.78 to 0.89), indicating very good agreement between specimen types. The distribution of pathogens reported for the paired cohort is representative of our overall epidemiology of enteric pathogens and was similar to previous reports from a similar study population which found Shigella species, Salmonella spp., Aeromonas spp., Campylobacter jejuni, and STEC to be the most common pathogens reported (13) . Analysis by pathogen. Of 960 cultures, 305 (32%) were positive for an enteric bacterial pathogen; 157 (51.5%) of these were from cultures of bulk fecal specimens and 148 (48.5%) were from cultures of rectal swabs. Shigella was the predominant pathogen identified, being identified in 55% (137/305) of all positive cultures. The high rates of Shigella among our cohort are consistent with our local epidemiology; several multiyear outbreaks were reported in our area during the study period (13) . Shigella isolates were equally detected in both specimen types: 69 (43.9%) bulk fecal specimens and 68 (45.9%) rectal swabs. Likewise, the rates of detection among positive bulk fecal specimens versus rectal swab specimens were nearly equivalent for Salmonella (n ϭ 42 [ swab specimens), while Yersinia enterocolitica and Plesiomonas shigelloides were each detected in both the bulk specimen and the rectal swab of one paired set of specimens cultured. Fisher's exact test was performed to compare positivity rates between the specimen types, and no significant difference was observed for Shigella (P ϭ 0.85), Salmonella (P ϭ 0.82), Shiga toxin-producing E. coli (P ϭ 0.64), and Campylobacter (P ϭ 0.73). Pathogen-specific agreement was evaluated by the use of Cohen's statistic for each pathogen detected (Table 3) . Rectal swabs and bulk fecal specimens demonstrated excellent agreement for Shigella, Salmonella, and Campylobacter, with values of 0.94 (95% CI, 0.91 to 0.98), 0.89 (95% CI, 0.82 to 0.97), and 0.88 (95% CI, 0.76 to 1.0), respectively. Agreement was moderate to low for Shiga toxin-producing E. coli and Aeromonas, with values of 0.73 (95% CI, 0.58 to 0.89) and 0.4 (95% CI, Ϫ0.28 to 1.1), respectively. Among the paired cultures positive for Shiga toxin-producing E. coli, STEC was detected in both the rectal swab and bulk fecal specimens for 16/27 pairs (Table  3 ). Of the 11 pairs of specimens with discordant results, STEC was detected only in the rectal swabs in 4 cases and only in the bulk fecal specimens in 7 cases. Both the O157 and non-O157 E. coli serogroups were equally detected in either rectal swabs (n ϭ 4) or bulk fecal specimens (n ϭ 4). Interestingly, the three remaining pairs with discordant results in which Shiga toxin-producing E. coli was detected only in bulk fecal specimens were positive by the Shiga toxin assay (i.e., the specimens were negative using SMAC agar). Shiga toxin detection or recovery of a toxigenic E. coli isolate could not be confirmed by the state laboratory in 2/3 toxin-only reports, raising the possibility that the toxin-only detections could be false-positive results. Time to result by specimen type. Given the relative ease of collection and transport of rectal swab specimens compared to bulk fecal specimens, we hypothesized that collection of rectal swab specimens would result in a decrease in the time from patient presentation to a health care setting to reporting of the culture result. We defined the patient encounter time to result to be the time from patient admission to the time of a positive preliminary culture report or a final negative report. As expected, a significantly decreased time to result was found for positive cultures compared to negative cultures for both specimen types (for rectal swab specimens, 40.3 versus 72.1 h; for bulk fecal specimens, 46.5 versus 85.3 h; P Ͻ 0.001) (Fig. 1) . The patient encounter time to result was significantly shorter for swab specimens than for bulk fecal specimens (67.4 versus 78.4 h; P ϭ 0.005), though no difference in patient encounter time to result was observed between positive bulk fecal specimens and positive rectal swab specimens or negative bulk fecal specimens and negative rectal swab specimens (P ϭ 0.22 and 0.58, respectively). There was no difference between specimen types in the total culture turnaround time, defined as the in-lab time from culture start to a positive preliminary result (data not shown). These data indicate that the differences in the time to a result from the time of the patient's first encounter with the health care system were most likely due to a shorter time to collection.
DISCUSSION
In this study, we evaluated the overall yield of rectal swabs compared to bulk fecal specimens for 480 paired specimens. We report that rectal swabs have a recovery of the most common bacterial pathogens comparable to that of bulk fecal specimens. Additionally, we found that rectal swab specimens had a decreased time from patient encounter with the health care system to the time of test result. While the high level of agreement between specimen types is consistent with recent reports in the literature, our study is the first, to our knowledge, to demonstrate a significant reduction in the time to a result with rectal swabs compared to bulk fecal specimens.
For more than 50 years, the convenience of rectal swabs for enteric culture has been noted, though early studies reported an inferiority of rectal swabs to bulk fecal specimens (14, 15) . As such, rectal swab culture results are often viewed as presumptive, especially if they are negative, and testing with rectal swabs is frequently followed by testing with bulk fecal specimens. In their analysis of 513 prospectively collected paired rectal swab and bulk fecal specimens from symptomatic adult patients in the Philippines, Adkins and Santiago reported a positivity rate of 35.5%, and for nearly half of these positive cultures, a positive result was obtained only for either the bulk fecal specimen or the swab specimen (16) . Our study demonstrated a similar positivity rate (32%) among the paired cohort of specimens reviewed; however, we reported a high overall concordance between the specimen types tested, indicating that either rectal swabs or bulk fecal specimens are adequate for enteric culture. Our increased rate of concordance is likely due to advances in the swab technologies used during the 15-to 33-year window between the two study periods as well as the detection of additional pathogens not assessed in our study, such as Vibrio species and rotavirus, which accounted for half of the organisms detected in positive cultures reported by Adkins and Santiago (16) .
Similarly, Kotton and colleagues reported only moderate overall agreement between 155 paired rectal swab and bulk fecal specimens, with the sensitivity and the specificity of rectal swabs for the recovery of Salmonella from nine healthy volunteers administered a live-attenuated Salmonella enterica serovar Typhimurium vaccine reported to be 63.6% (95% CI, 0.54 to 0.71) and 90.0% (95% CI, 0.85 to 0.95), respectively (17) . Interestingly, this study also reported that the sensitivity of rectal swabs compared to bulk fecal specimens was increased for specimens collected early in infection compared to those collected later in the infectious course (17) . Improvements in swab material and transport media have been reported to increase the sensitivity of rectal swab specimens. Rishmawi and colleagues demonstrated that rectal swabs transported with Copan M40 Transystem Amies medium had an excellent overall sensitivity of 98% (95% CI, 89.5 to 99.7%) compared to paired bulk fecal specimens for detecting the common enteric pathogens Salmonella, Shigella, and Campylobacter from symptomatic children (Ͻ10 years) (9) . Likewise, Freedman and colleagues recently reported good agreement for paired cultures of rectal swab and bulk fecal specimens submitted from symptomatic children in an ambulatory care setting, with an overall Cohen's value of 0.76 (95% CI, 0.71 to 0.80) (18) . Despite the lower comparative yield of rectal swabs than bulk specimens, the authors reported that rectal swabs were submitted more often, resulting in a 10% increase in overall pathogen yield compared to that from bulk fecal specimens. Interestingly, this study also reported a greater concordance between specimen types for viral pathogens than for bacterial pathogens, with values of 0.82 (95% CI, 0.79 to 0.86) and 0.74 (95% CI, 0.68 to 0.80), respectively (18) . While we did not evaluate the recovery of viral and parasitic pathogens in rectal swab and bulk fecal specimens in this study, others have also reported favorable sensitivity of flocked rectal swabs for the detection of norovirus, rotavirus, and Cryptosporidium using molecular methods (19, 20) .
Given the need to rapidly diagnose E. coli O157 and other STEC infections to initiate measures that could prevent hemolytic-uremic syndrome, the low concordance between rectal swab and bulk fecal specimens reported in our study could be of concern. However, this low percent agreement is likely due to false-positive Shiga toxin immunoassay results, as Shiga toxin detection by PCR or recovery of an STEC isolate could not be confirmed by the state public health laboratory for 2/3 cultures positive for Shiga toxin only by immunoassay. Simultaneous testing for STEC via immunoassay or PCR and E. coli O157 culture on selective and differential media has been shown to increase the sensitivity of STEC detection and is recommended by the CDC (21) . While the sensitivity and specificity of multiple tests have been reported to be Ͼ90%, false-positive immunoassay results have been reported, supporting the need for confirmatory testing (22) . Our data reassuringly demonstrate that when likely false-positive Shiga toxin assay results were excluded, non-O157 and O157 STEC isolates were equally detected in both rectal swab and bulk fecal specimens.
Unlike previously published studies, where specimen collection, transport, and storage were tightly controlled, this study represents an analysis of real-world data, as the paired specimens evaluated by culture were collected during routine clinical care. Despite significant variability in organism burden, physician practice, stage of infection, and preanalytical variability, we report a sensitivity and a specificity of rectal swabs higher than those presented in previous reports, with rates of 86.6% (95% CI, 0.86 to 0.87) and 96.3% (95% CI, 0.96 to 0.96), respectively. Our study is also unique in that we assessed the impact of specimen type on patient encounter time to result. We report that rectal swab specimens had a significantly shorter time to result than bulk fecal specimens. This is likely due to the on-demand collection of rectal swab specimens immediately at the patient encounter, as no difference in laboratory analytical turnaround time was noted between specimen types. Since rectal swabs are also amenable to automated testing, it is likely that, when coupled with the on-demand specimen collection, the shorter incubation time due to improved culture conditions reported with automated culture workup will further reduce the time to culture results (23, 24) . The reported length of the emergency department (ED) stay for children with gastroenteritis ranges from 125 to 372 min (25) (26) (27) , and laboratory testing has been shown to delay patient discharge (27) . These findings have the potential to decrease the length of stay in the ED, where 1.7 million children with gastroenteritis present each year (25) , since the more timely specimen collection would likely lead to an earlier discharge or inpatient admission, freeing up limited ED resources.
Currently, rectal swab-based collection devices have not been cleared for use with any of the FDA-approved multiplex molecular platforms for gastrointestinal pathogens. Though some of these molecular tests can have an in-lab turnaround time of 1 to 5 h, the rapid turnaround time afforded by these methods remains subject to timely specimen collection. It is possible that future studies corroborating the sensitivity of rectal swabs for gastrointestinal molecular tests can facilitate the use of these tests in real-time patient management in the ED and outpatient settings.
The overall strengths of this study include an extensive study period spanning 15 years and identification of a large sample of paired specimens. Also, the culture results reviewed in this analysis were from clinical specimens collected during routine clinical care representing a spectrum of collection, transport, and storage conditions. Thirty-two percent of the paired cultures were positive for a bacterial pathogen, with broad representation of the most common bacterial causes of acute gastroenteritis in the United States, including Shigella, Salmonella, Campylobacter, and Shiga toxinproducing E. coli. The positivity rate for the paired cultures was much higher than that for all cultures performed during the study period (32% versus 7.5%). Thus, it is possible that the paired specimen cohort may be biased toward patients with a more severe clinical presentation, warranting continued observation and/or inpatient admission and submission of additional specimens. A limitation of our study is that very few or none of the cultures in this analysis were positive for less common enteric bacterial pathogens, such as Aeromonas, Plesiomonas shigelloides, Yersinia enterocolitica, and Vibrio, precluding comparison of the use of bulk fecal and rectal swab specimens for the detection of these pathogens. Additional studies with pathogens not well represented in our data set are warranted to explore the possibility of potential pathogen-specific differences in recovery with rectal swabs. This study was also limited to enteric bacterial culture and did not evaluate the recovery of viral and parasitic causes of gastroenteritis or the yield of molecular testing between bulk fecal and rectal swab specimens. Though the collection devices and culture conditions used varied throughout the 15-year study period, potentially impacting pathogen recovery (9, 28) , this variance was accounted for, in that each rectal swab and bulk fecal specimen pair was processed under identical culture workup conditions. Since this study was also performed at an academic medical hospital, study findings may not extrapolate to community settings, and it remains uncertain how this will translate to the era of molecular diagnostics for stool pathogens.
In conclusion, we report that rectal swabs have recovery comparable to that of bulk fecal specimens for enteric bacterial culture. Despite variabilities in collection devices, culture conditions, and specimen quality, we demonstrate overall agreement of greater than 90% between specimen types with a Cohen's value of 0.84 (95% CI, 0.78 to 0.89). We also report a decreased patient encounter time to result with rectal swabs compared to bulk fecal specimens. These data suggest that rectal swabs have a performance equivalent to that of bulk fecal specimens and should not be rejected from clinical microbiology laboratories for enteric bacterial culture. Due to timely specimen collection, the routine use of rectal swabs for enteric culture can potentially improve clinical work flows and outcomes.
